We searched for population-based cross-sectional studies, cohort studies and randomized controlled trials (RCTs) on erectile dysfunction (ED) through Medline, PubMed, PsychInfo and scanned though reference lists. Studies that did not include adjusted odds ratios (OR) of physical activity were excluded. Seven cross-sectional studies were suitable for meta-analysis, and the results from one cross-section study, two cohort studies and one RCT were summarized. Pooling the ORs using random effects models, we derived summary estimate for adjusted OR of physical activity in those with ED compared with those without ED, which was 0.53 (0.31, 0.91). Moderate and high physical activities were associated with a lower risk of ED, with ORs at 0.63 (0.43, 0.93) and 0.42 (0.22, 0.82), respectively. Funnel plot by visual inspection, and Begg's test and Egger's test did not detect significant publication bias. Sensitivity analyses revealed that the summary estimate from the random effects model was robust to changes in study sample size and level of statistical adjustment, but not so robust to changes in ED definition, although the summary estimate for each ED definition did not differ significantly. Although causality cannot be demonstrated from crosssectional studies, the apparent 'protective' effect of physical activity on ED should be further investigated using large-scale cohort studies or RCTs.
Introduction
Erectile dysfunction (ED) has been said to be the harbinger of cardiovascular events, 1 and there is a growing literature on the common risk factors shared by both ED and cardiovascular diseases. 2 Endothelial dysfunction has been hypothesized to result from cardiovascular risk factors such as hypertension or diabetes, which in turn leads to ED, myocardial infarction and stroke. 3 Epidemiological studies have demonstrated numerous risk factors for ED, such as age, variables related to diabetes, depression, hypertension and smoking, but less so for protective factors. Physical activity was occasionally investigated along with ED, although the results were inconsistent and somewhat inconclusive. Given the similar risk factor profiles for ED and cardiovascular diseases, it was fair to hypothesize that they may share similar protective factor such as physical activity. Considering the scale of the studies on cardiovascular diseases and that of ED, it was not surprising that perhaps ED studies had simply not been large enough to detect the subtle beneficial effects of physical activity.
It was the aim of this paper to use the tools of meta-analysis to investigate whether or not beneficial effects of physical activity can be demonstrated by pooling results from different studies and deriving summary estimates of their effect sizes.
Methods
We searched for population-based cross-sectional studies, cohort studies and randomized controlled trials (RCTs) on ED published between 1990 to June 2006. We searched through Medline, PubMed, PsychInfo, and scanned though reference lists. We used keywords to search for our disease of interest (e.g. ED, impotence, sexual dysfunction) and the type of studies that were of relevance (e.g. prevalence, epidemiology, incidence), and used the 'AND' search string to narrow down the search to overlapping studies. Whole texts were retrieved and read.
Studies were included for meta-analysis if they were population-based studies on ED, and provided age-adjusted ORs for physical activity. If multivariate (including age-adjusted) ORs were provided, they were used for statistical analysis in preference to the univariate age-adjusted ORs.
No established quality assessment guidelines were available on cross-sectional studies, and the assessment instrument designed for prevalence study by Prins et al. 4 was adapted and expanded for this study. We added to the quality assessment a number of risk factors that were commonly adjusted for in various population-based prevalence studies. Note that the subscale score for 'statistical adjustments for ORs' is not the total number of variables adjusted for in the original article, the actual number adjusted for is found in Table 1 or in the parentheses in Figures 1-3 .
Data were extracted according to a fixed protocol: year of study, definition of ED, response rate, sample size, OR, variables adjusted for OR. Two different meta-analyses were formed, one that defined physical activity as having two categories ('normal/above average') and another that defined it as having three categories ('normal/moderate/high'). If an included study used a three-category definition of physical activity, a pooled estimate would be calculated for the two categories (that were not the reference group) using fixed effect model, and the estimate would be treated to represent the OR for 'above average exposure' and be used in the meta-analysis for the two-category analysis. On the other hand, if a study used a two-category definition the resulting OR would not be included in the meta-analysis for the three-category analysis. Weighted average of ORs were calculated using the inverse variance method for fixed and random effects models. Adjusted ORs were converted to the logarithmic scale for statistical calculation and antilogged for final results. A wider 99% confidence interval (CI) was used for each estimate to allow for multiple comparisons.
Funnel plot was used to detect for publication bias using the Begg's and Egger's tests. Influence analysis was performed for each fixed and random effects models to investigate the influence of each individual study on the overall estimates by the exclusion of each study one at a time. Sensitivity analyses were performed to investigate the robustness of the summary estimates to changes in statistical models, ED definitions, sample sizes and levels of statistical adjustments.
All statistical calculations were performed by STATA version 8.0.
Results
Our initial search identified 221 articles, but only seven cross-sectional studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] provided adjusted ORs, another cross-sectional study 17 and a prospective cohort 18 from the same study population provided adjusted relative risks (RRs), one cohort study 19 provided adjusted OR and one RCT 20 demonstrated improvements in erectile function score as a result of physical activity. Only the seven cross-sectional studies that provided adjusted ORs will be included in the meta-analysis, as the other cross-sectional and cohort studies reported RRs that were derived with a different statistical method (Mantel-Haenszel rather than logistic regression), and the other cohort and RCT were of different study designs. Relevant findings will be summarized below for the four latter studies. An overview of the eligible studies for meta-analysis is provided in Table 1 . An overview of the quality appraisal for the eligible studies is shown in Tables 2 and 3 . A significant level of heterogeneity was found between the eligible studies (Po0.000), and the random effects model was used and its results included below.
Two-category response model for physical activity
The pooled adjusted OR for having 'above average physical activity' versus having 'average physical activity (reference group OR ¼ 1)' in association with ED is 0.53 (0.31, 0.91) using the random effects model ( Figure 1 ). Table 2 Year published and quality assessment of selected studies
Internal validity External validity Statistical adjustments for odds ratio
Reference no. Year a b c d e f g h i Sum j k l M n o p q r Sum s t u v w x y z Aa Sum
Shaeer et al.
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Three-category response model for physical activity The pooled adjusted OR for having 'moderate physical activity' versus having 'low physical activity (reference group OR ¼ 1)' in association with ED is 0.63 (0.43, 0.93) using the random effects model ( Figure 2 ). The pooled adjusted OR for having 'high physical activity' versus having 'low physical activity (reference group OR ¼ 1)' is 0.42 (0.22, 0.82) ( Figure 3) . A summary of the pooled estimates mentioned above is given in Figure 4 .
Bias, influence and robustness
A funnel plot is shown in Figure 5 . Begg's test with continuity correction did not reject the null hypothesis that there was no publication bias (P40.764), and the result from Egger's test was similar (P40.171). Influence analysis for the random effects model ( Figure 6 ) did not demonstrate any large changes to the summary estimates owing to the omission of any one study. However, the influence analysis for fixed effects model ( Figure 7 ) demonstrated that the exclusion of Cho et al.'s study yielded a summary estimate that was much different and much more 'protective' than the omission of any other studies. Sensitivity analysis (Figure 8 ) demonstrated that the CI for random effects model (0.53 (0.35, 0.80)) was much wider than fixed effects model (0.67 (0.62, 0.73)), and the CI of the fixed effects model was totally included in the CI of the random effects model, that is, they did not differ significantly. The same analysis performed on the External validity Study population (j) Was there randomization involved in the selection of study subjects? (k) Did the recruitment of study subjects make them representative of the target population or patient population they claim to study? Eligibility criteria (l) Was the age range specified? (m) Were inclusion and exclusion criteria specified? Response rate (n) Was the response rate a at least 70%? (o) Were information given about the non-responders that allow inference to be made on the representativeness of the study population? Description of study period (p) Was the study period specified? Description of study population Physical activity and erectile dysfunction JYW Cheng et al
Cross-sectional and cohort studies with RRs (HPFS)
The Health Professionals Follow-up Study (HPFS) 17, 18 done by the Harvard School of Public Health had provided much evidence on the influence of lifestyle factors on the development of ED. The results of the prospective cohort study demonstrated the independent effects of physical activity, body mass index (BMI) and smoking on the development of ED. Around 51 529 health professional men were recruited at baseline, after inclusion of those who were healthy at baseline and exclusion of those lost to follow-up, 22 086 men were computed in the analysis. Physical activity was found to be 'significantly inversely associated with erectile function'. Using 0-2.7 metabolic equivalent hours of exercise per week (MET h/wk) as reference, 2.7-7.6, 7.7-16.5, 16.6-32.6 and 432.6 MET h/wk were associated with significant RRs of 0.9 (0.8-1.0), 0.9 (0.8-1.0), 0.8 (0.7-0.9) and 0.7 (0.7-0.8), respectively, adjusted for age, marital status, smoking, alcohol and BMI. Furthermore, all included exercise types demonstrated significant benefit, including walking, jogging, running, biking, tennis, squash, etc. Significant RRs were also demonstrated for obesity, being 1.1 (1.0-1. The cross-sectional study involving 31 742 men aged 53-90 years, was probably the largest crosssectional study on ED to date, found that having 432.6 MET h/wk) compared to having o2.7 MET h/ wk was associated with a RR of 0.7 (0.6, 0.7) in association with ED, even after adjusting for comorbidity, medication, smoking status, alcohol consumption, television watching, BMI and other factors. The multivariate adjusted RRs were decreased with increasing levels of physical activity. The RRs were 0.9 (0.8-0.9), 0.8 (0.8-0.9), 0.8 (0.8-0.8) and 0.7 (0.6-0.7) for 2.7-7.6, 7.7-16.5, 16.6-32.6 and 432.6 MET h/wk, respectively (using 0-2.7 MET h/wk as reference).
ED was defined as having poor or very poor ability in the previous 3 months to have and maintain an erection adequate for intercourse. Mantel-Haenszel statistic was used in both papers to calculate RRs, rather than the usual logistic regression.
Cohort study (MMAS)
The Massachusetts Male Aging Study (MMAS) 19 involved a baseline cohort of 1709 men, but the analysis was restricted to only 513 men without ED at baseline. The adjusted incidence for ED was 15% (95% CI [11] [12] [13] [14] [15] [16] [17] [18] [19] in those with X200 kcal/day of physical activity compared to 19% (13-28) in those with o200 kcal/day of physical activity. This incidence figure was adjusted for age, active and passive smoking, overweight, hypertension, alcohol consumption, cholesterol, fat intake, testosterone, depression and antihypertensive medication intake. It also found that the OR (adjusted for the same variables) in association with ED was 0.71 (95% CI 0.42-1.22) in those with X200 kcal/day of physical activity using o200 kcal/day as reference, although the result was not statistically significant. ED was defined according to NIH consensus as not 'being able to get and keep an erection that is rigid enough for satisfactory sexual activity.'
Randomized controlled trial A single-blind RCT of 110 men aged 35-55 years investigated the effects of weight loss through physical activity and dietary modification on ED. This JAMA paper authored by Esposito et al. 20 found that erectile function score was improved (mean IIEF score increased from 13.9 to 17, Po0.001) after 2 years in the intervention group by reducing their BMI (36.9-31.2 kg/m 2 , Po0.001) through increased physical activity (from 48 to 195 min/wk), Po0.001). Seventeen men in the intervention group and three men in the control group (P ¼ 0.001) reported having IIEF score 22 or more (i.e. returned to normal). Multivariate regression analysis found that physical activity (P ¼ 0.02), BMI (P ¼ 0.02) and C-reactive proteins (P ¼ 0.03) independently predicted IIEF score and almost explained 68% of the variance.
Discussion
We have demonstrated through meta-analyses the effect of physical activity on ED, and that the association between the two was negative (OR below one, see Figure 4 ). There appeared to be a simple dose-response relationship between physical activity and ED, with higher physical activity conferring lower risks (OR ¼ 1 for low activity; OR ¼ 0.63 for moderate activity; OR ¼ 0.42 for high activity) for ED.
Sensitivity analysis revealed that the random effects estimate did not vary much despite changes in study sample sizes (0.59 (0.42, 0.83) versus 0.52 (0.28, 0.95)) and level of statistical adjustments (0.52 (0.24, 1.14) versus 0.55 (0.36, 0.82)), in another words, the summary estimate was robust to changes in these two assumptions. However, things were different for the two statistical models and ED definitions. The random effects model had a much wider CI and this was expected as it assumed variation of an overall mean between studies, whereas fixed effects did not. The summary estimates also appeared to be different (random effects 0.53 (0.35, 0.80) versus fixed effects model 0.67
Physical activity and erectile dysfunction JYW Cheng et al (0.62, 0.73)) and this could be explained by the different weightings given to each study. Using Cho et al.'s study as an example, it had the largest sample size and an effect size close to null. In the fixed effects model, this study had been given more weight because of its large sample size and therefore it had a larger influence on the overall summary estimate and the OR was closer to null. In the random effects model, more weight had been given to smaller studies and less for Cho et al.'s study, therefore the effect size also tended to be larger. This raised the question of whether a single study could bias the summary estimate, and was investigated by influence analyses (Figures 6 and 7) . In fixed effect model in Figure 7 , Cho et al's study appeared to bias the estimate towards null, but there was little reason to exclude this study as we used the random effects model because of heterogeneity (we would exclude it if we used the fixed effect model) and although this study appeared to slightly bias the estimate in the random effects toward null, other studies such as Shaeer et al.'s and Akkus et al.'s appeared to slightly bias the estimate in the opposite direction. Furthermore, the wide CI and broad theoretical assumption behind the random effects model should more likely capture the 'true' effect size, whereas the fixed effect model could merely be a more 'accurate' (narrow CI) but more biased estimate. The myriad definitions and assessment questionnaires for ED remained a weakness of this study and probably applies to other ED studies in general. This would be addressed below. This study had four major limitations, (1) confounding, (2) statistical adjustment for different number of variables, (3) definitions of ED and physical activity and (4) weak causal inference. Limitation 1. Confounding can reduce the internal validity of a study, and as ED is a multifactorial disorder, the association between physical activity and ED as demonstrated could be confounded by some other factors not adjusted for. However, this was unlike as the summary OR estimates obtained were relatively large (those who exercised on average were half as likely to get ED), and six out of the seven studies were adjusted for at least five other variables. Furthermore, if confounding was a problem, one would find ORs that were adjusted for more variables to lie closer to unity (i.e. no effect) and those that were only age adjusted to be closer to zero (i.e. protective effect), but this did not appear to be the case (Figures 1-3) .
Limitation 2. We obtained pooled estimates based on ORs that were adjusted for different numbers of variables from different studies. Our minimum requirement for inclusion was that the ORs had to be age adjusted, other than this if more variables were adjusted for the better. For the same reasons given in limitation 1, if confounding (or adjustment for different numbers of variables) was to be an issue, there should be a pattern in the relative effect sizes of OR, with null effect sizes for better adjusted ORs and apparent effect sizes for less adjusted ORs, but this did not appear to be the case.
Limitation 3. The included studies used two broad definitions of ED, one that was based on IIEF-5 or IIEF-15, and the other was based on a single selfreporting question. Sensitivity analysis showed that the summary estimates based on each definition were different, the self-reported OR was 0.42 (0.26, 0.67) and the IIEF OR was 0.73 (0.52, 1.03). The latter was not statistically significant (CI spanned unity), although it could be due to an inadequate sample size as it included only three studies. A closer examination revealed that the study by Cho et al. also used IIEF, and as this study exerted an unduly huge effect in the overall fixed effect model estimate as revealed by the influence analysis, this was evidence to suggest that if more weight was given to this study (as in the case of fixed effect model as its sample size was the largest), the overall estimate would be pulled closer to null, and this was precisely the case in the ED definition subgroup analysis as only three studies used IIEF and more weight was given to this study. By excluding Cho et al.'s study, the summary estimate for IIEF was statistically significant OR ¼ 0.63 (0.42, 0.93) (not shown in figures), and closer to the self-report estimate of OR ¼ 0.42. Definition of physical activity was less problematic as all included studies used a single self-report question.
Limitation 4. Causal inference from cross-sectional studies is usually weak, if not impossible. We acknowledged the weaknesses inherent in the cross-sectional study design, and sought to supplement evidence from the two prospective cohorts and one clinical trial to better explain the association between physical activity and ED, to see if high physical activity preceded the improvement of erectile function or if reverse causality was present, that is, those with ED exercised more as a result of ED. The HPFS cohort study had a number of methodological strengths compared to most other ED epidemiological studies, such as a very large sample size and very refined exposure measurements including physical activity. It supported our results that a dose-response relationship exists between physical activity and ED, with its decreasing RRs associated with increasing physical activity in each of the four physical activity levels. The MMAS cohort study did not demonstrate statistically significant associations between physical activity and both incident ED and adjusted OR for ED. This could be due to a small sample size of 513 men that lacked statistical power to detect significant associations. More supportive evidence came from an RCT which demonstrated that mean erectile function increased after physical activity and dietary modifications. Using the traditional 'black box' epidemiological approach, it appeared that erectile function could be gained quantitatively by physical Physical activity and erectile dysfunction JYW Cheng et al activity, whether or not it was mediated or confounded by BMI. Furthermore, physical activity was shown in multivariate analyses in both HPFS cohort and the RCT to have independent prospective beneficial effect in those without and with ED at baseline, respectively.
Considering the fairly robust results of this metaanalysis and the supplementary evidence from the cohort studies and the RCT, there is good evidence to show that above average physical activity might be protective against ED (HPFS) and might even reverse the development of ED through improvement in erectile function score (RCT). This association should be further investigated with more RCTs or large-scale cohort studies. This potential beneficial effect appeared to be present regardless of the intensity and type of exercise (HPFS). This has clear implications for the clinicians, basic scientists and for public health. For the clinicians, urologists, psychotherapists and sex therapists, a new lifestyle recommendation and a potential treatment can be advised to patients in addition to routine sex education and therapy. For the basic scientists, research can be done to elucidate the underlying mechanisms behind physical activity and ED. For public health, modifying sedentary lifestyles and increasing physical activity can help to combat the growing epidemics of obesity and those of agerelated illnesses such as cardiovascular diseases, osteoporosis and ED -an unintended beneficial side effect of our exercise promotion programmes and recommendations to our children, patients and the public.
